Abstract: Nocardia are Gram-positive filamentous bacteria responsible for infections ranging from opportunistic life-threatening disseminated diseases to chronic skin and soft-tissue infections.
INTRODUCTION
N ocardia species (spp.) are ubiquitous environmental filamentous Gram-positive aerobic actinomycetes that are responsible for nocardiosis, a rare opportunistic infection. 1 Nocardia infections are uncommon and occur mostly in individuals with chronic pulmonary diseases or cell-mediated immunity defects, including patients receiving immunosuppressive therapy, organ transplant recipients, or patients infected with human immunodeficiency virus (HIV). [2] [3] [4] [5] Nocardiosis can occur after inhalation, causing lung infection, or because of direct bacterial inoculation through the skin, leading to skin and soft-tissue infections. Dissemination mostly occurs hematogenously from a lung infection. The most common sites for dissemination include the central nervous system (CNS), skin and subcutaneous tissues, and less frequently kidneys, bones, heart, eyes, and joints. 3, 6 As Nocardia arthritis is rare, data are scarce. We report 3 cases of articular nocardiosis and performed a literature review in order to better describe the epidemiology, clinical manifestations, diagnosis, management, and outcome of articular nocardiosis.
CASE REPORT NO 1
A 55-year-old man presented with clinical signs of knee arthritis and fever that appeared progressively 3 weeks earlier.
He had a history of Waldenström's macroglobulinemia treated with antineoplastic chemotherapy and allogeneic hematopoietic stem cell transplantation (HSCT) from matched related donor 1 year before. Hematopoietic stem cell transplantation was complicated by steroid-dependent chronic skin graft-versus-host disease (GVHd), type 2 diabetes, chronic renal failure, and supplemented hypogammaglobulinemia. Immunosuppressive treatment included 20 mg prednisone, tacrolimus (2 mg per day), and mycophenolate mofetil (2 g per day). Prophylaxis included atovaquone (1500 mg per day), oracillin (2 MUI per day), and posaconazole (600 mg per day).
The knee magnetic resonance imaging (MRI) revealed intra-articular fluid and synovial hypertrophy (Fig. 1A) . The intra-articular fluid contained leucocytes and direct examination revealed filamentous Gram-positive bacillus. Blood and intra-articular fluid grew Nocardia farcinica. Nocardia pulmonary localization was suspected as thoracic computed tomography (CT) scan revealed a 20-mm pleural nodule, but biopsy was unconclusive. Brain MRI was normal. Treatment consisted in arthroscopic debridement and multiple-drug regimen (doses adapted to the renal function), including ceftriaxone (2 g per day) and levofloxacine (500 mg per day) for 7 days. As antibiotic susceptibility testings by broth microdilution revealed resistance toward ceftriaxone, antibiotic regimen was switched from day 10 to meropenem (4 g per day) and amikacin (750 mg every 48 h) for 15 days and then meropenem (4 g per day) and levofloxacin (500 mg per day) during 10 days. Multiple intraarticular fluid cultures were positive up to 17 days after surgical debridement. Therefore, linezolid (1200 mg per day) was added on day 35 to meropenem and levofloxacin but was stopped on day 52 because of thrombocytopenia and leg paresthesia. Antibiotic treatment was modified from day 57 in levofloxacin (500 mg) and minocyclin (200 mg). Because of chronic GVHd, a reduction of immunosuppressive drugs was not possible and rituximab treatment was necessary.
Despite this appropriate treatment and correct antibiotic blood dosages, clinic and radiologic failure were observed with fever and radiologic osteomyelitis persisting 5 months after debridement ( Fig. 1B and C) . Intravenous treatment with ticarcillin-clavulanate (9 g per day) and cotrimoxazole (2400 mg per day) was started on day 172 and surgical synovectomy performed on day 185. Synovial fluid and bone biopsies grew N. farcinica. New antibiotic susceptibility testing revealed the acquisition of resistance toward levofloxacin (Fig. 2) . Seven days after the surgical synovectomy, antibiotic treatment was adapted to cefuroxime (2 g per day) and cotrimoxazole (2400 mg per day). Six months later, doxycycline was added because of clinical active infection. With this prolonged multiple-drug regimen, the osteolytic lesions seen on MRI were stable during 9 months ( Fig. 1D and E) . Patient died of septic shock due to Klebsiella pneumoniae bloodstream infection.
CASE REPORT NO 2
A 60-year-old man was hospitalized for fever (38.48C) and multiple pulmonary nodules. He received allogeneic HSCT from matched related donor for relapsed follicular lymphoma 9 months before. He had type 2 diabetes treated with insulin. Hematopoietic stem cell transplantation was complicated by Cytomegalovirus reactivation and acute GVHd. Immunosuppressive therapy consisted in corticosteroids (prednisone 60 mg per day) and ciclosporin (360 mg per day). He received atovaquone prophylaxis. Bronchoalveolar lavage (performed after starting antibiotics) was unconclusive. Staging revealed hepatic nodules and peritoneum thickening.
At admission, the patient had clinical knee arthritis present for 8 days. Gram staining of joint fluid was negative but culture grew N. cyriacigeorgica susceptible to cefuroxime, imipenem, amikacine, doxycycline, cotrimoxazole, and linezolid (minimal inhibitory concentration (MIC) determined with broth microdilution). Consequently, he received imipenem (2 g per day) and amikacin (1 g per day). There was no surgical management. After 1 month of intravenous antibiotics, cefuroxime (1 g per day) and doxycycline (200 mg per day) were started. Gammaglobulin therapy and decreasing immunosuppression (prednisone 40 mg) were also performed. After 4 months of treatment, pulmonary, hepatic, peritoneal, and articular outcome were favorable. No articular sequela was noted. Antibiotic treatment was maintained during 1 year and then stopped after a positron emission tomography showing no metabolic activity.
CASE REPORT NO 3
A 64-year-old man was found unconscious after a suicide attempt by benzodiazepines. On admission, he presented a left knee osteoarthritis. He had history of type 2 diabetes, myasthenia gravis treated with thymectomy, chemotherapy, and radiotherapy 16 years before, a MALT lymphoma in complete remission after treatment with chlorambucil and ischemic heart disease. Myasthenia was treated with pyridostigmine and 30 mg of prednisone. Patient claimed taking drugs because he suffered from unbearable knee pain for several weeks.
Surgical treatment of arthritis consisted in arthroscopic debridement. Intra-articular fluid revealed 120,000 leukocytes/ mm 3 with 80% neutrophils. Gram staining was negative and culture yielded a growth of N. nova susceptible to amoxicillin, cefotaxime, imipenem, meropenem, and cotrimoxazole in broth microdilution.
Cerebral, pulmonary, and abdominal CT scan revealed no signs of dissemination. Blood cultures were steriles. The patient was first treated from day 0 to day 11 with imipenem (3 g per day) and cotrimoxazole (3200/640 mg per day). From day 12 to day 20, he received imipenem only and then linezolid (1200 mg per day) only at day 21. Antibiotic treatment was interrupted after an overall course of 2 months. Immunosuppression could not be reduced due to clinical signs of myasthenia. Three months after treatment discontinuation, arthritis relapsed. Treatment consisted in synovectomy and debridement. Positron emission tomography revealed no other sites of infection. Intra-articular fluid was purulent and culture grew N. nova with the same antibiotic susceptibility profile. Imipenem was introduced but the knee inflammation persisted and intra-articular fluid cultures still grew N. nova 15 days later. From day 18 to day 39 after synovectomy, ceftriaxone (2 g per day) was added to imipenem. This combination therapy resulted in clinical improvement. The patient was then treated from day 40 to day 80 with ceftriaxone and cotrimoxazole. He presented an acute renal failure, resolving after cotrimoxazole discontinuation. Consequently, a combination of amoxicillin (6 g per day) and clarithromycin (1 g per day) was started. Unfortunately, the patient suddenly died, probably because of heart failure.
Ethical Consideration
The patient or family's (if the patients died) provided informed consents for the publication of the cases details. No ethic committee approved the study because all investigations have been performed retrospectively as part of normal health care and thus ethical approval was not obliged.
Discussion and Literature Review
We searched PubMed for papers published in English, reporting on articular nocardiosis. We used the search terms: « Nocardia infections » and « Arthritis, Infectious » or « Nocardia infections » and « Joint prosthesis ». We also searched the reference lists of retrieved papers.
Underlying conditions, microbiological features, clinical manifestations, antibiotic treatment, and outcome were analyzed. Two cases were identified among case series but could not be included due to the lack of precise clinical data. 7, 8 Physiopathology and Predisposing Conditions Among the 34 patients described (31 cases in the literature and the 3 presented in this article), 21 (62%) were due to hematogenous dissemination. All patients except 4 were immunocompromised. No patient received trimethoprim-sulfamethoxazole (TMP-SMX) prophylaxis at diagnosis, probably because of the potential protective effect of the prophylaxis, but this information was only available for 7 cases. 3 Concerning the 4 cases involving immunocompetent patients, 2 occurred in elders (78 and 82 years old). 6, 9 No data was available to describe local risk factors of joint infection except for the 2 patients with joint prosthesis.
Conversely, the 9 infections due to direct articular inoculation occurred in immunocompetent patients except in 1 case. Six cases (5 arthritis and 1 osteoarthritis) were the result of direct traumatism. [10] [11] [12] [13] [14] [15] Besides, 1 was secondary to infiltration 16 and 2 occurred 2 and 5 months after arthroplasty.
In 4 cases, the mechanism of infection was unknown.
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Clinical Feature and Diagnosis
Among the 21 cases of hematogenous infections, the diagnosis was performed after a median of 15.5 (range, 2-90) days after the first symptoms. Knee localizations were the most common, in 83% of cases. Pulmonary localizations, described in 80% of cases, were asymptomatic in 4 cases (24%). [20] [21] [22] Others localizations of disseminated diseases are described in Table 1 . Joint fluid Gram staining revealed the presence of Gram-positive filamentous bacteria in 57% of the cases (12 of 21).
In case of direct articular inoculation, there was no disseminated infection. Diagnosis was performed after a median of 24 (range, 8-90) days after the first symptoms. Intra-articular fluid direct examination revealed Gram-positive bacillus in 1 case.
Among the 34 cases, Nocardia asteroides was identified in 19 cases, mainly before 2000. These strains probably belong to others species, as molecular tools were not used in these cases. 1 TREATMENT AND OUTCOME
Antibiotic Therapy
Different antibiotics used are listed in Table 2 . Concerning hematogenous native arthritis, the median duration of antibiotic treatment was 24 weeks (range, 12-120) and 1 patient received suppressive antibiotic treatment.
For the 18 patients with no cerebral localizations, 9 (50%) received oral antibiotics (including TMP-SMX as a single-drug in 7 cases) from day 1. 20,21,23 -29 In case of intravenous (IV) treatment, the median duration of IV before oral treatment was 4 weeks (range, . Concerning patients treated exclusively with TMP-SMX, evolution was favorable in 5 cases, 1 patient died due to pulmonary nocardiosis 6 and evolution was not documented for another. 24 For the 3 disseminated infections with cerebral localizations, 2 patients received IV antibiotic association for 7 and 96 weeks and 1 exclusive oral TMP-SMX during 12 weeks. Evolution was favorable in these 3 cases. 22, 30, 31 The 2 prosthetic joint infections (PJI) were treated during 14 and 96 weeks with IV antibiotics association during 6 and 96 weeks, respectively. 31, 32 Concerning the 7 direct inoculation native arthritis, the median duration of antibiotic treatment was 12 weeks (range, 6-24). Oral single-drug regimen with TMP-SMX was introduced initially for 3 patients and for the other 4, the median maintenance of IV association treatment was 2 weeks (range, 1-3). Evolution was favorable in all cases except 1 acute death due to pneumonia without evidence of Nocardia.
16 Sequelae were reported in 1/7 case (not documented in 1 case). The 2 PJI were treated respectively with 30 weeks antibiotic association (IV during 6 weeks) and with suppressive oral association treatment. 33, 34 The oral antibiotics active against Nocardia spp. with good bone concentrations are TMP-SMX, linezolid, fluoroquinolones, tetracyclines, and macrolides. TMP-SMX is an agent of choice for 2 reasons: (i) recent susceptibility data from a large number of Nocardia strains suggest that overall resistance to TMP-SMX is rare (2-3%) (except among N. pseudobrasiliensis [31%] and N. transvalensis species [19%]) [35] [36] [37] and (ii) it has proven to be effective for osteomyelitis. 38, 39 Linezolid has been proposed recently because no resistant strain has been described so far 2, 40 and this drug has excellent bone penetration. [41] [42] [43] Only 15 cases of nocardiosis treated with linezolid have been published, so far. Fourteen of 15 cases showed either an improvement or complete clearance of the infection. 41, 44 In our study, only the first case received linezolid for 17 days. Neurological and hematological tolerance reduced its use for prolonged treatment. Fluoroquinolones, always in association, was used in only 2 cases probably because of a high frequency of resistance, with favorable outcome in 1 case. 33 Of the fluoroquinolones, intrinsic activity is slightly higher for moxifloxacin. 45, 46 Tetracyclines were used in 9 cases (always in association except for 1 patient) with favorable outcome in 7 cases. 9, 10, 27, 31, 33, 47 Macrolides were prescribed in association in 4 cases with favorable outcome in 3 cases. 13, 32, 34 For hematogenous infections, experts recommend that antibiotic treatment should last at least 6 months for disseminated infections and 12 months in the case of CNS involvement. 2, 3, 46 The initial probabilistic association should combine 2 of these 3 drugs: TMP-SMX, b-lactam (cefotaxime/ceftriaxone or imipenem), and amikacin for at least 2 to 4 weeks and should probably be longer for CNS infections. Secondary, the choice of the antibiotic association depends on in vitro susceptibility, side effects, penetration in all infected sites and drugs interactions.
In the case of native arthritis due to direct inoculation, our review of the literature revealed a median treatment duration of 12 weeks (range, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . These treatments are associated with high cure rate (86%) and were probably adequate. The 3 patients treated with exclusively TMP-SMX monotherapy cured. 11, 19, 21 Nevertheless, combination treatment for osteoarticular infections is frequently recommended to limit the development of For PJI, the duration of antibiotic association must probably be prolonged but we are unable to answer the question due to lack of data (only 4 patients).
Surgical Management
Concerning the 29 native arthritis, joint lavage was performed in 12 cases and amputation in 1 case. 22 Outcome was favorable in 81% of cases but functional outcome was mentioned only in 64% of cases. Favorable outcome was noticed in 75% and in 86% of the cases when surgery was performed or not, respectively. This difference could be explained by (i) the indication of surgery, proposed for the more severe arthritis or immunocompromised patients, (ii) publication bias, since authors mostly publish cases with favorable outcome, explaining the good results without surgery. Very likely, as Nocardia spp. is difficult to treat with a high risk of recurrence or chronic infection, arthritis must be managed with joint lavage.
All the 4 PJI were treated with surgery. Two were treated with debridement. One was performed 21 days after first symptoms but failed and 1-stage exchange was performed. 31 The second occurred 5 months after the insertion of a knee prosthesis and required suppressive antibiotic treatment. 32 The other treatment were 2-stage exchange and resection arthroplasty. Outcome was favorable in these 4 cases with functional sequelae in 2/4 cases. These few cases emphasize the importance of removing the prosthetic material. The infectious disease society of America (IDSA) recommends 2-stage exchange strategy for infections with difficult-to-treat organisms, such as Nocardia. 48 Consequently, this strategy is probably more indicated than 1-stage exchange, especially for immunocompromised patients, late infections, or in the case of TMP-SMX resistant Nocardia spp.
In conclusion, Nocardia spp. is a rare cause of septic arthritis. In disseminated nocardiosis, the infection usually stems from the lungs of an immunocompromised host, and arthritis is related to hematogenous seeding. In contrast, in immunocompetent patients, arthritis is localized and due to direct inoculation. For disseminated nocardiosis, antibiotic treatment must be prolonged (6-12 months) with bactericidal antibiotics reaching high concentrations in all infected sites. For infections due to direct inoculation, a shorter antibiotic course during 12 weeks is probably sufficient. Randomized trials are probably impossible to perform due to the rarity of the disease and further reports are warranted.
